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1. Lens paboThI

Lens BBINOJIHEHUS pacueTHo-rpaduuecKoil paboThI o Kypcy
«'maporazoarHaMuKay SBISETCS 3aKPEIUICHUE TEOPETUYECKUX U IPAKTHYECKUX
3HAHUU TIOJyYEHHBIX CTYACHTaMHU B IIPOLIECCE U3YyUEHUS Kypca JUCLUILIMHBIL.

J1J1 BBITIOJTHEHUS JAHHON pabOTHI CTYJEHT JIOJKEH 00Ja/1aTh yMEHHEM pabOThI ¢
TEXHUYECKON JUTEepaTypoil, CHpPaBOYHON JUTEpaTypoil, 3HATh TpeOOBaHUS,
npenbsBiIsieMble K  O(QOPMIIGHHIO  TEXHHMYECKOM  JOKYMEHTAIluH, o00JajnaTh
TEOPETUUYECKUMH 3HAHUSIMH, a TakK€ yMETh aHaJU3UPOBATh PacueThl U MPUHUMATH
00OCHOBaHHBIE PEILICHUSI.

2. CocTaB U cojiepKaHue MOSICHUTEIbHOM 3aITUCKU.

- TUTYJBHBIN JUCT C YKa3aHUEM TPYIIIbI, Ha3BAaHUEM PaOOTHI

- Jlucr 3amaHus, HNOJDKEH COJEpXKaThb TeMy padoOThl, HUCXOJHBIE JIAHHBIE,
BKJIFOYAIOUIUE: JIJIMHBI TPYOONpPOBOAOB, AABJICHUS B TUAPOUMIUHAPAX U PACXOAbI
AKUJKOCTH, HOMEp BapraHTa B COOTBETCTBHUH C MOCJIEIHUMH TpeMs HU(PpaMu 3a4€THON
KHIDKKH (JTaHHBIE J1J1s1 BBITIOJIHEHUS Pa0O0ThI MPUBEACHBI B IPUIIOKEHUU A).

- IlosicautenbHas 3amucka. OOmMe TpeOOBaHUS K BBIIOJHEHUIO TEKCTOBBIX
nokyMeHToB ycraHaBnuBaeT ['OCT 2.105-95. K TeKCTOBBIM KOHCTPYKTOPCKHM
JOKYMEHTaM OTHOCSITCSI MOSCHUTEJIBHBIE 3alIMCKH, TEXHUYECKHUE YCIIOBHSI, MACIOpPTa,
pacyeTsl, MHCTpyKUMH M T.n. Pabota odopmisierca Ha nuctax ¢opmatra A4 u
Opourtopyercsa B 0010kKy. Ha nauneBoit ctopoHe 00J0KKH 0(pOPMIISIETCS TUTYJIbHBIN
JIUCT, Ha TEPBOM JIMCTE TEKCTOBOM YACTH 3aIMCKH, pa3MeEIIAeTCs COAepKaHue, gajee
NOSICHUTENBbHAS 3aIIMCKa C COAEP/KAIUMUCS B HEW PUCYHKAMU.

TexkcT nokyMeHTa Nmpu HEOOXOIMMOCTH Pa3lEeisioT Ha paslieibl U MOApa3/iebl.
Pa3nenbl TOJDKHBI MMETh NOPSAJIKOBBIE HOMEpa B IpEAesax BCEro JAOKYMEHTA,
o0o3HaueHHble apabckumu nudpamu. Ilogpasnensl MOKHBI UMETh HyMEpaluio B
npejenax Kaxaoro paszaena. Pazaensl, Kak U opa3iebl, MOTYT COCTOATh U3 OJTHOTO
WM HECKOJbKMX NYHKTOB. Pazgensl M monpasnenbl AOHKHBI MUMETh 3aroJjOBKU.
[IyHKTBI, KaK MpPaBUIIO, 3ar0OJOBKOB HE MMEIOT. 3arojOBKHM JIOJDKHBI YETKO M KPaTKO
OTpaxkaTh COJEPKaHHME pa3leioB U mojpasaenoB. x cieayer neyatatb ¢ IPONUCHON
OykBbl 0O€3 TOUKM B KOHLE, HE MOoAuepKkuBas. llepeHochl CIOB B 3arojoBkKax He
nomyckarTcsa. TeKCT JOKyMeHTa JO0KEH ObITh KPAaTKUM, YETKUM M OJHO3HAYHBIM. B
TEKCTOBBIX  JOKYMEHTax CIeAyeT NPUMEHATh TEPMHHBI M  OINpPEACIICHHUS,
HAaMMEHOBaHUA ¥ 0003HauYeHUs (PU3MUECKUX BEITMYMH U UX €IUHUILIbI, YCTAHOBJICHHbIE
cranaapramu. CoKpallleHHEe CJIOB B TEKCT€ HE JOIYCKaeTcs, 3a MCKIOYECHUEM
OOLIEMPUHSTHIX B PYCCKOM SI3bIKE.

[TosicHUTENBHYIO 3aIUCKY BBIMOJIHSIOT PYKOMUCHBIM CIIOCOOOM YEpHUJIAMHU Ha
OIHOM CTOpOHE JmcTa Tmmcued Oymarum ¢opmara A4 (210x297vMm) mubo ¢
MpUMEHEHnEeM KomImbioTepa. Beicota OykB U 1udp nomKHA OBITH HE MEHee 2,5 MM.
CrpaHuIlbl 10HKHBI UMETh CTAHIAPTHYIO paMKy. PaccTosiHME OT BEpXHEN WM HUKHEH
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CTPOKM TEKCTa JI0 BEpXHEW WM HWXKHEH pamMKd JOKHO ObITh He MeHee 10 mm.
PaccTostHue ot pamku A0 TpaHMI] TEKCTA B Ha4aje U B KOHLE CTPOK — HE MEHEE 3 MM.
[losicHuTenpbHast 3amMCKa JIOJDKHA COJEPKaTh TPU YacCTH, MPU ITOM OQOpMIIsiEeTCs
OOIIUN TUTYIBHBIA JIUCT (SABJISIONIMIICS TEPBBIM JIMCTOM 3alUCKHU), COIEp>KaHUE,
ABIIIONIMECS TIEPBBIM JUCTOM (C OOJNBIIMM IITAMIIOM), BBEACHHE, Jajiee KaXKIbId
paszien, COAep)KalllUid PacYETHYIO 4YacTh, PACUETHYIO CXEMY W HCXOJHbIE JaHHBIE,
3aKJII0YEHUE, CIIMCOK JINTEPATYPHI.

3. Dtarbl BBINOIHEHUS PaOOTHI.

B nmnepBoil uacTu NPOU3BOAMTCA TUAPABIMYECKUM pacdyeT pa3BETBICHHOIO
TpyOOIIpOBOAA, TOAOUPAETCS HACOC, CTPOUTHCS MMbE30METPUUECKUN IpaduK.

Bo BTOpoH dYacTH NOpPOU3BOAWUTCA THAPABIMYECKHNA pacuyeT KOPOTKOIO
TpyOOIpoBOJA.

B tperbeit vacTu npou3BOANTCS ra30JMHAMUYECKUI pacdeT coruia JlaBais.

Crnucok peKOMEHyEMOM JIUTEPaTypPhl
1. b.B. Yxun; I'mapasnuka, ®opym; 2000r.
JL.I'. JlousHckuii; MexaHuKa KUJIKOCTU M rasza; Axkagemknura, 2003r.
3. B.A. Kuppwmun, B.B. Cerués, A.E. lletinnun; Texauueckas TepMOINHAMUKA,
MDBU, 2008 .
4. O.M. PabunoBnu COOpHHUK 33]1a4 MO0 TEXHUYECKON TepMoArHamMuKe. M.,

no

«Mammnoctpoenue», 1973 r.
5. Tennmorexuuueckuii cipaBouHuK. [lox o6m. Penakuueit B.H. FOpenesa u
IT.1. JIe6enera. B 2-x Tomax. M., «Heprusy», 1976 r.



1. TUAPABJIMYECKHU PACUET PA3BETBJIEHHOI'O
TPYBOIIPOBO/IA.

1. g pacuera mapaMeTpOB pa3BETBICHHOIO BOJIOIPOBOJIHOTO TPyOOIIpoBOIa
TpeOyeTcst B IEPBYIO OYEPEIb ONpeIeNieHHEe PACX00B Ha KaXXI0M y4acTKe
TpyOomnpoBoaa. Yuactok 1-2-3-4-5-6-7 ocHOBHast MarucTpaib, ydactku 3-8, 4-12, 5-9-
10-11, 6-13 oTBeTBneHusA. s onpeaeneHus TAKUX MapaMeTPOB KaK JUAMETP
TpyOOIpOBOIa, ONPEAEIsIeM PAacXo] KUAKOCTH Ha KakaA0M ydacTke. Cxema

TpyOonpoBoza (puc.l) u UCXOJIHbIE TaHHBIE JJI pacyeTa MPUBEICHbI B IPUIIOKECHUH
A.
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Puc.1. Cxema TpyOGomnpoBoia

2. OmpenenseM TuaMeTpbl Y4aCTKOB TPyOOIPOBO/IA.

OnpenensieM qraMeTphl Ha KaXIOM ydacTke TpyoomnpoBoaa mo dopmyne 1.1 ¢
Y4ETOM PACXOJI0B Ha KAXKJIOM Y4acTKe.

_ox [ Q 1.1
D=2 ”'Vm’ (1.1)

rae Q — pacxon KHUAKOCTH Ha paccCMaTpUBaeMOM yJacTKe TpyOomnpoBoa;

Vmax — MakCUMaJIbHO JOIYCTUMAst CKOPOCTh JKHJIKOCTH B TPyOOIIPOBO/IE.

JIJ1st y9aCcTKOB OCHOBHOM MarvucTpaid MoAOUpaeM CTaHIapTHBIC 3HAUCHUS
Tpy6onpoBoaoB u3 'OCT 3262-75 «TpyOsI ctanbHbIe BostorazonpoBoaabie», [ OCT
18599-2001 «TpyOs1 BogomnpoBoaubie u3 onudtTuiaeHay, [[OCT 10705-80,
I'OCT10706-76, TOCT 8696-76 nnu 'OCT 102-39-84 «TpyObl BOIOTIPOBOIHBIC U
KaHaJIM3aI[MOHHEIEY.

3. Pacuer dakTHUECKMX CKOPOCTEH JBUXKCHUS KUJIKOCTH.
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[Tocne yTowyHeHHS BHYTPEHHUX JHAMETPOB TPyOOIMPOBOIOB, HEOOXOAMMO
IIPOBECTH YTOYHEHHBIN pacyeT (PaKTUUECKUX CKOPOCTEH TBIKEHUS JKUJIKOCTH Ha BCEX
ydacTKax TpyOorpoBoa.

_4Q (1.2)
7d 2

4. Pacder MeCTHBIX MTOTEPH HAMOPa B TPYOOIPOBO/IE.

\Y

MecTHbIe TUIPABINYECKUE TTOTEPU — MTOTEPU, O0YCIOBICHHBIE MECTHBIMHU
THIPaBIMYECKUMU CONPOTUBIICHUSIMH, T.€ TAKUMU dJIEMEHTaMH TPyOOIpPOBOIOB, B
KOTOPBIX BCJIEJICTBUE N3MEHEHUS MOMEPEUHBIX pa3MepOB HWIIM KOHPUTYpaLUU
OPOUCXOAUT AedopMaiusl IOTOKA.

HOTCpI/I HaBJICHUSA B MCCTHOM COIIPOTHUBJICHUU OIIPCACIIAIOTCA 110 (bOpMy.TIGI
2

AhM:g\Z/g’ (13)

rae ¢ - K03 UITMEHT MECTHOTO COMPOTHUBIICHUS BHIOUPAETCS B COOTBETCTBUH C
Tabmuneit 1.1.

Tabanma 1.1
Bun conporuBnenus Koad. &
BHuesamHoe pacmmpenue 0.8-0.9
BHesamHoe cyxeHue 0.5-0.9
3aKpyriIeHHOE KOJIEHO 0.12-0.15
TponHukH
ciausiaue nmotokoB | 2.0 - 2.5
pasnenenue norokos | 1.0 - 1.5
TPAH3UTHBIN OTOK 0.1-0.2
Bentunum 14-55

5. Pacuer nuHEWHBIX TOTEPH HATMIOPA B TPYOOIIPOBO/IE.

JIuHeliHble TOTepU — MOTEPHU AABJICHUS HA TPEHUU 10 JAJIMHE TpyOOnpoBoaa, T.€
ATO MOTEPH PHEPTUN BO3HUKAIOIIKE B IPSIMBIX TPYOaxX MOCTOSHHOTO CEYEHUS PU
PAaBHOMEPHOM TE€UEHUU KUIKOCTH U BO3PACTAIOIINE MTPOTOPIIUOHAIIBHO JJINHE
TpyOonpoBoAa. TOT BUJI IOTEPHh O0YCIOBIEH BHYTPEHHUM TPEHUEM KUIAKOCTH.

2
Ahl:/ll—v—’ (1.4)
d 29
I'ne V. yeJbHbIN Bec paboyeil )KUIKOCTH; A - ko3 puLeHT

rupaBaudeckoro Tpenus; d u | - quamerp u aMHA yyactka Tpyoornposona; V -
(dakTHUecKas CKOPOCTh KUAKOCTH Ha y4acTKe TPyOOmnpoBoja.



Jlnisa BerancneHust ko3hpuirenTa ruApaBInyecKOro COMPOTUBICHUS A
HEO0OXOAMMO ONPENIETUTh PEKUM IBUKEHUS KUIKOCTH N0 yuciy PeliHonbaca. Yucio

Peilinonbaca onpenensiercs no Gpopmyre:

vd
Re =7 (1-5)
1%
rae V - koaQPUIMeHT KHHEeMaTHYECKON BA3KOCTH paboueid KUIKOCTH.

lpn R, <R, xp» PEKUM JIBIDKEHHS XKUJIKOCTU HA TAHHOM Y4aCTKE — JJAMAHAPHBIN

¥ KOOQPUIIMEHT THAPABINYECKOTO COMPOTUBIICHUS OIpeiessieTcs mo popmye
64
Shad (1.6)
Re
Ecin Re > Re p» TO PEKUM JIBHOKEHHS paboyeil KUAKOCTH Ha JAHHOM YYacTKe

— TypOyYJIEHTHBIN U AJIS TUJIPABINYECKU TJIAJIKUX TPYO A onpezensercs no popmyine

bnaznyca:
] 03164 (1.7)
{Re

Kputnueckoe 3nauenue yucia PeitHonbca ais TpyOonpoBoja Kpyrioro
MONEPEYHOr0 ceYeHUs MPUHATH 2320.

PesynbraThl pacueToB cBecTu B Tabymiy 1.2.

Ta6muma 1.2
JInHelHbIE TUAPABINYECKUE TOTEPH
¥a]
PRy = < m
=l 5 ) ~ = 2 < =

o 3 = - 2 2 & iy = | & 8 o
T = < 5 m S d & w 5L~ E o = L o =
Q :fg VSEOSVHE o Q o A EH O
X T S o o m 2 X F R = = o O =
O =8 a H ol = 4o = = = a = 9o s
S El = o = o~ L E S| o= o o8 Sl
Neys. | & 5EgEEEeasEy ek B £|8Efest

5 s a g B 2 = OB = =
28 E EESEREHEES e £F |EEEC
S Sl L H 8 4 = =l 8 Fl o o | = O B =
= al 3 3 Q %l 2 = - T B

Q o s 2 = =

Hpc:g & 5 = =

6. IlocTpoeHue TmbE3OMETPUUECKON JIMHUHU, ONpEACICHHEe Hamopa Hacoca
rpaguIecKuM CrocoOomM
CocragisieM ypaBHeHUE BepHyIu /1 y4acTKOB THIPOTUHHN:
2 2
+ P Vi, 4 Pyg Viish (1.9)
Y 129 Yy 129

CymMa Tpex 4JICHOB SIBJIIETCA MOJIHBIM HAIIOPOM PACCMAaTPUBAEMOM YUYACTKE:

71
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P,V (1.10)
7 + % +a2g H

[lonuplii Hamop Ha y4yacTKE B TOYKE YCTAaHOBKM HAcoca paBEH HAIopy
CO371JaBa€MOMY HACOCOM, YCTAaHOBJICHHBIM B CUCTEME.

JIJisi OCTpPOEHHUS TbE30METPUYECKON JIMHUM PACCMOTPUM Y4YacTOK OCHOBHOM
MarvucTpaiy, MOJHbIC HAMOPHI ONPEETSIOTCS UCXOAS U3 CIEIYIONIUX BhIPAKEHUMN:

JUIA CEUYEHUd 2: - H,= Hl_Zh(l—Z)’
JUISL cedenns 3: - H, = Hz_Zh(H) U T.1. (1.11)

ATt y9acTka Ni-H = Hn_l—Zh((n_l)_n) :

Taxk xak oOmMIl 3amac yAENbHOW OSHEPrUM BJAOJb IOTOKA HEMPEPHIBHO
YMEHBIIAETCS, TO JIMHMS IOJIHOIO HAamopa MOHM)KAETCS, a B MECTax YCTaHOBKH
MECTHBIX THJIPABIUYECKUX CONPOTUBICHUN (TPONMHHUKH, IOBOPOTHI, pa3/ieieHHUE
IOTOKOB U T.J] ) OHA CHUKAETCS CKAUKOM.

Ha ocHOBaHMM pacyeTHBIX JaHHBIX CTPOUM JIMHUIO ITOJIHOI'O HAaIlopa U JIMHUIO
yIE€IbHON NOTEHIMAJIBHOM 3HEepruu. IIpumep nmocTpoeHust MpuBeEIeH Ha pucC. 2.

H.

Hi ',

H

2 3 4 5 5 B 7

Puc. 1.2. JIuaust moHOTO Hamopa v JUHUS YAEIbHON MOTEeHIIMATbHON SHEPTUH.




2. TUIPOJJUMHAMMYECKH PACYET KOPOTKOI'O TPYBOIIPOBO/IA.

Tpebyercst onpeAeTuTh SBISIETCS TN TaHHBIA TPYOOTPOBO KOPOTKUM.

B mpaktuke TpyOOmMpOBOIBI NENSATCS HA KOPOTKHE M JUIMHHBIE. K KOpOTKHM
TpyOOIIPOBOIaM OTHOCSATCSI BCE TPYOOTPOBOBI, B KOTOPHIX MECTHBIE TIOTEPH HAIopa
npeBbIIatoT 5...10% noteps Hamopa Mo JJINHE.

T.e JOMKHO BBIMOITHATHCA CIEAYIOIIEe HEPAaBEHCTBO:

FI[CI Z hM - CYMMAapHBbIC MCCTHBIC ITIOTCPH HAIIOPA, Z h| - CYMMApHBIC
JIMHCHHBIC IIOTCPU HAIIOPa

2.1 N3o6paxkeHne cxeMbl TpyOOIIpOBOIa

Peskoe cyxeHne BeHTUNb NPSAMOTOYHbIN

— s m
L1 12 13
Andocpysop
2.2. OnpenensieM MECTHBIC IIOTEPH HAOpa Ha KaXJIOM y9acTKe 1o GpopMmyIe.
2
Vv
h.=¢6 29

rae G - ko GuIKMeHT JanHoro MectHoro conpotusieHus ([Ipunoxenue 1).

2.3. OnpenensieM JTMHEHBIEC HaMopa 1o dhopmyse 2.2,
hoal V2, (22)
d 29

['ne: A- ko3¢ dunmeHT ruapaBaudeckoro Tpenus; d u | - quamerp u vHA
y4acTKa TUAPOJIMHUM; V - CPEIHSST CKOPOCTh KUJIKOCTH Ha YYaCTKE THAPOIUHUMU.

Jlnst BerancieHus ko3 huireHTa ruipaBindecKoro COnpoOTHUBICHUS A
HEO0OXO0IMMO OTNIPEACIIUTh PEKUM JBUKEHUS KUJIKOCTH 110 unciy PeliHonbaca. Yucio
Peitnonbaca onpenensiercs no Gpopmyne 2.3:

Vd
Re . (2.3)
I'ne v — ko3 dpunimeHT KUHEMaTUYECKOM BA3KOCTU paboueit xuakoctu; V —

CKOPOCTh JBIKECHUS KUAKOCTU Ha y4acTKe TPyOOMIpoOBO/Ia;



v=_m_

p-F
I'me m — macca paboueit KUAKOCTH; p — TNIOTHOCTh paboueit KUAKOCTH; F —
IJIOIIAb PACCMATPUBAEMOrO CEUECHHUS
B 3aBucumoctu ot yucna PeitHoib/ica onpenensieM pekuM JBUKEHUS KUIKOCTH
B TpyOOIPOBOJIE.
[Ipu TaMuHApHOM pEXUME IBUKECHUS KUJKOCTH, T.€ pu Re<2320

KOA(PPHUIIMEHT TUIPaBINYECKOTO COMPOTUBIICHUS A onpenenseTcs mo gopmyie 2.4:
_64 (2.4)
Re
[Ipu nepexoanoM pexume, T.€ pu 2320<Re<4000 xoapdunmeHt

TUAPABINYECKOTO COMPOTUBIICHUS A ompenenseTcs mo Gopmyie 2.5:
A=1.47*10" *Re (2.5)
[Ipu TypOYyJIE€HTHOM peKUME:
A. O6nacts rnaakux tpyo mpu 4000<Re<10° k0> PHUIMEHT THIPABINIECKOTO
OIPOTHBICHUS onpeaensercs no Gopmyne brazuyca (2.6):

ﬂ, _ 0,3164 (2.6)

YRe

B. O6nacTh moKBagpaTHIHOro conporusieHus mpu 10°<Re<10° onpenensercs mo

bopmyne Anprinyns (2.7).
C yBennyeHueM yuciia Re mamMuHapHas TUIeHKa CTaHOBUTCS TOHbBIIIE, HEPOBHOCTH
HAYMHAIOT BBICTYIIATh CHJIbHEH, TpyOa CTAHOBUTCS THIPABIMYECKU IIIEPOXOBATOM.

0,25
A= O,ll(EJr iaj

Re (2.7)

I'ne A, — abcontoTHast IEpPOXOBATOCTh CTEHOK TPYObl. BoiOupaeTcs B
COOTBETCTBHUH C MaTepuajoM cTeHoK TpyOs! (IIpunoxenue 1).

C. O0nacTh KBafpaTU4HOTO conpoTusnenus npu 10°<Re.

B paccmaTpuBaemoit 001acTy JaMUHAPHBIN MTOCION HUUTOXHO MaJl, TaK Kak
BBICTYIIBI HIEPOXOBATOCTH B3aUMOACHCTBYIOT HEMOCPEACTBEHHO C TypOYJICHTHBIM
aapoM. Koo puimeHT ruipaBianueckoro COnpoTUBIECHUS B 3TOM CITy4ae BbIUUCISETCS
o popmyie lIudpuncona (2.8).

A 0,25
1:0,11( de) (2.8)

I'ne A, — aGcomroTHas IEPOXOBATOCTh CTEHOK TPYOBI. BriOupaeTcs B
COOTBETCTBHUH C MaTepuanoM cTeHoK Tpyosl (IIpunoxenue 1).
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3. PACUET COILJIA JIABAJIA

3.1.  Kparkas teopusi.

Comno JlaBanmsi — TEXHUYECKOE MPUCIOCOOJIEHHE, KOTOPOE CIYKUT JJIs
YCKOPEHHMS Tra30BOr0 IOTOKA MPOXOASAIIETO 10 HEMY O CKOPOCTEM, MPEBBIIIAOIINX
cKOpocTh 3ByKa. IlIMpoko ucmonp3yeTcsi Ha HEKOTOPBHIX TUIMAX MApOBBIX TypOUH U
ABJISIETCA BAXHOM YacCThIO COBPEMEHHBIX PAKETHBIX JBUIATENIEM M CBEPX3BYKOBBIX
PEaKTUBHBIX AaBUALIMOHHBIX JIBUTATEIICH.

Comno mpencraBnsier co0oil KaHal, CyKEHHBIH B cepenuHe. B mpocteitiem
Cllydae TaKO€ COIUIO MOXET COCTOSITh M3 Mapbl YCEYEHHBIX KOHYCOB, COINPSIKEHHBIX
y3KUMU KOHIAMH. O(P(EKTHBHBIE COIUIA COBPEMEHHBIX pAKETHBIX JBUTraTesed
npoUIMPYIOTCS HA OCHOBAHUHU CHEIUAJIBHBIX T'a30JUHAMUYECKUX PACUETOB.

e |

U>dad

FYyvyvyy

!.Sh_.,.

Como Obuto mipemioskero B 1890 r. mBeackum u3obperatenem ['ycradhom ne
JlaBanem juis mapoBbIX TypOuH. B pakeTHoM nBurarene coruio JlaBasns BrnepBbie ObLIO
ucnoap30BaHo reaepasioM M. M. IlomopuessiM B 1915 T.

DeHOMEH YCKOPEHHS ras3a JI0 CBEpX3BYKOBBIX CKOpocTed B coruie JlaBans Obul
oOHapyxeH B KoHIe XIX B. akcnepuMeHTaIbHbIM yTEM. [103%e 3TO sBIEHHE HAILIO
TEOPETUYECKOE OOBICHEHHE B paMKaX ra30BOM JUHAMUKH.

Ilpn aHamm3e TtedyeHus rasa B comule JlaBajsd NPUHUMAIOTCA CIELYIOLIME
JOIYIIECHUS:

— a3 CYUTACTCS UICATBHBIM.

— Ta30BbI MOTOK SABJISIETCS HW303HTPOINHBIM (TO €CTh HMMEET IOCTOSHHYIO
SHTPOIHUIO, CHJIBI TPEHUS W JUCCUIIATUBHBIE TIOTEpPU HE YUYUTHIBAIOTCA) U
aanabaTUYeCcKuM (TO €CTh TEIIOTa HE MOJBOAUTCS U HE OTBOIAUTCS).

— Ta30BO€ TEYECHHUE SBIECTCS CTAMOHAPHBIMBIM M OJHOMEPHBIM, TO €CTh B
0001 (PUKCUPOBAHHOM TOYKE COIUIa BCE MapaMeTphl MOTOKA MOCTOSIHHBI BO BpEMEHHU
U MEHSIOTCS TOJIbKO BJOJb OCH COIUIa, NMPUYEM BO BCEX TOUYKaX BBIOPAHHOIO
NONEPEYHOr0 CEYEHUs MapameTpbl MOTOKA OJMHAKOBBI, & BEKTOP CKOPOCTH Ta3a
BCIOZly MapaJUIEJIEH OCU CUMMETPHHM COILIA.
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— MACCOBBIM PacXo/] ra3a OJIMHAKOB BO BCEX MOTIEPEUHBIX CEUEHUSX TTOTOKA.

— BJMSHHAEM BCEX BHCIIHMX CWJI M Tojied (B TOM YHMCJIe TPaBUTAI[MOHHOTO)
npeHeOperaeTcs.

— OCh CUMMETPHH COILJIA SIBJISIETCS TPOCTPAHCTBEHHON KOOPIMHATOM!.

Ha BXo0ji€¢ B COMJIO MOTOK ABMKETCSA C JTO3BYKOBOM CKOPOCTHIO. B kputHueckom
CEYCHUHM CKOPOCTh MOTOKA JOCTUTAET CKOPOCTH 3BYKa 8, Ha3bIBAEMOW KPUTHUECKOU
CKOPOCTBIO 3ByKa. OTHOIIIEHHE CKOPOCTH V K KPUTHUYECKON CKOPOCTH & Ha3bIBAIOT
K02 (D PHUITMEHTOM CKOPOCTH

A==, 3.1)

L
a
OTtHomeHue Hnomaz[eﬁ, 3aHATBIX HCBA3KUM SJPpOM B KPHTHUYCCKOM U

aHAJTM3UPYEMOM CEYEHHUSX, MPEACTABIISET COO0# ra3ouHaMIYecKyio GyHKIuio ((A):
2

d —25
a0 =| —2—22 |
d-25 |- (32)
rne deo, d — JgUaMETphl KPUTHYECKOTO M aHAJU3UPYEMOro  CCUYCHHIMA

COOTBETCTBEHHO, MM;

5va o — TOJIIKMHA BBITCCHCHUS IIOI'PAHUYHOIO CJI0sA KPUTHYCCKOIO H

AHAJIU3UPYCMOI'O CEUYCHUM COOTBCTCTBCHHO, MM.

[Mpu pacuere ¢yukiuii ((A) B mepBOM NPUOIMKCHUN BEIHMYUHBI 5,;, 5 —
OpUHUMAOT paBHeIM 0, a B MOCIACAYIONIMX NPHOJMKEHUSX WX 3HAYCHUS
OTIPENIENISIFOTCS U3 pacdyeTa MOrPaHUIHOTO CIIOSI.

MakcumanpHoe 3HaueHue, paBHoe | ¢GyHKIms ((A) IPUHUMAET B KPUTUICCKOM
ceueHuu. B aToM xe ceuennn ko3ppuuumeHt ckopoctu Al JpaBHa 1.

Cesa3p Mexay dyakmuein (L) u koadduienToM cKkopoctn A [IBBIpakaeTcs

COOTHOILIEHUEM:
1
K+1 k1 k-1, k1
g =| —=| |[1-——=A"| 4 (3.3)
2 k+1
rae k — mokazarens amuabatel (st Bozmyxa k=1,4, nis mpoayKTOB CropaHus
k=1,33).

[TonyuuTh TOYHOE aHAIUTHYECKOE pelieHue ypaBHEHHUs (3.3) HEBO3MOXKHO.
Hckomoe pemieHHe MOXET OBITh HaWICHO METOAOM  IOCIIEOBATEIbHBIX
MPUOJIMKEHUT.

CyTrb Meroma cocTOMT B 3ameHe ypaBHeHus Buaa f(X) = 0 skBUBaJIEHTHBIM
ypaBHeHueM X = f(X).

ITepexonx ot ypaBHeHusi (3.3) K SKBUBAJICHTHOMY YpPaBHEHUIO MOXET OBITh
BBITIOJIHEHO JIBYMsI CIIOCOOaMMu:
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(mﬁl_k—lﬁjﬁf @9

2 k+1

_k+1 L q(A)*t |

k-1 (k+1) e | (35)
2

Kopens B ypaBHenuu (3.4) nnu (3.5) OTBICKMBAETCS METOAOM IOCJIEI0BATEIbHBIX
UTEPALMI ¢ MHOTOKPATHBIM KCIIOJIb30BAaHUEM UTEPAMOHHON (POPMYIIBI:

ﬂ“n+1 = f (ﬂ“n) (3.6)

rac ﬂvn — IICPBOC HpI/I6J'II/I}K€HI/I€.

UTepanoHHbIi nponecc cxoautes, ecimu A, —> A npu N —> 00,

I/ITepauI/IOHHLII?I IpoLecc 3aKaHYMBarOT MIPU JOCTHXKCHUH YCJIOBHUA:
— <
M’l /11+1‘ S&

rjae €l]- 3aaHHas NOTrPEeIIHOCTh BEIYMCIICHUN.

B cyxaromerics yactu coruia Jlapans, riae moTOK JIBHUKETCS C JO3BYKOBOM
CKOPOCTBI0, a KOOPPUIIUEHT CKOPOCTH A [ IpUHUMAET 3HAYEHHUS MEHbIIIE 1,
CXOJUMOCTH pellieHus: ooecrneunBaeT ypaBHenus (3.4). B pacmmpsitomelics yactu
coria JlaBans, rae moToK JIBUKETCS CO CBEPX3BYKOBOI CKOPOCTHIO, a KO (HUILIUEHT
CKOPOCTHU A MMPUHUMAET 3HaUY€HHUs OoJblle 1, CXONMMOCTh PEelIeHHs] 00eCeYBaET
ypaBHeHue (3.5). [lo HaiineHHOMY 3HaYeHUI0 KO3 PUIIMEeHTa CKOPOCTH AJIsl TAHHOTO
cedyeHus coruia JlaBansi pacCUMTHIBAIOT Tra30AMHAMUYECKUE (DYHKIIUU:

k-1,
A=t (3.7)
k-1
7(4)=1-— 24" (3.8)
k_l 2 k];l.
8(/1):(1—mﬂ j , (3.9)

Kputndeckas ckopocTh axp paBHa:

13



(3.10)

rae R — razoBas nmocrostaHas; T - TeMiiepaTypa 3aTOPMOKEHHOTO TTOTOKa, K.
I"azoBas moctostHHas 1 kr pabouero Tenna paBHa:

=T (3.11)

['ne p- mongpuas macca pabouero tena. s Bo3ayxa pll= 29 kr/kmoib.
MaccoBblil pacxo/1 paboyero Tena B aHAIM3UPYEMOM CEUEHHH COTLIa
paccuuTbIBaeTcs 1no hopmysie:

o _MFPa(A)

a (3.12)

2
rne F =7(d—28)"/4 - nnomans cedenns noTeHuEansHOTO AIpa, M2
Bxoasmmii B ypaBHenue (3.12) koappuuueHT M onpeaesstor Mo BhIPaKEHUIO:

o
k 2 k—1
m=|—=| —| ; 3.13
RUk+1 (3.13)
A6COHI’OTHBI€ 3HAUYCHUA CKOpOCTH B H,[[pe ITIOTOKAa, €TI0 J1aBJICHMUC, TeMHepaTypa u
IIJIOTHOCTD OHpeI[eJI}I}OT I10 BLIp&)KGHH;IM:

v=Aa,,p=p'z(A);
T=T'z(A);p=p's(A) 519

Haiinennpie 3HaueHUs mTapaMeTPOB MOTYT OBITh UCITOJIB30BAHBI IIPU pacueTe
IIOIPAHUYHOIO CJIOSI B KAYECTBE IPAHUYHBIX YCIOBUM Ha €r0 BHEIIHEN IPAHULIE.

3.2.Ilopsaok pacuera.

3.2.1. Tlo paccunTaHHBIM pa3MepaM Ha Jucte popmaTta A4 n300pa3uTh
npoduns coria Jlapans. B cyxaromieiics U pacumpsoIieiicss 4acTsax corulia BbIICIUTh
3...5 pacueTHbIX ceyeHu. 3MepuTh nmapaMeTpbl paCUeTHBIX CEUYECHHUI.

3.2.2. Tlo Beipaxkenuto (3.2) ompeaennuTh razoanHaMudeckyro Gyakiuio g(A).
ToNMHBI TOrPaHUYHOTO CJIOS O xp U O’ TPUHSATH paBHBIM 0.

3.2.3. Onpenenutb KO3PPUIUEHT CKOPOCTU A B Cy>KalolIencst 4acTH COIIa Mo
BbIpakeHUO0 (3.4) MeTo10M MOCIeA0BaTENbHbBIX UTepaluil. [lepBoHauanbsHOE
npubmkeHre BeIOpath MeHee 1. TepaninoHHbIN Ipolecce 3aKkaHYMBaIoT Ipu
TOCTHKEHUH TTorpermHocTr Beranuciieanit €= 0,001,

3.2.4. Onpegenutb KO3PPUIUEHT CKOPOCTU A B pACIIMPSIONIECHCS YACTH COILIa
1o BhIpakeHuIo (3.5) MeTo10M nocneoBaTeNbHbIX UTepanuuid. [lepBoHavanbHoe
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npubmkeHre BeIOparh Oosbiie 1. MitepanoHHbli npoliece 3aKaHUYMBaIOT MPU
JTOCTUKEHUHU NorperHocT Berancienuit 1= 0,001,

3.2.5. Onpeaenutsb razoguHaMudeckue GyHKIMH JIJIs pACUETHBIX CEYEHUH 10
BeIpaxkeHusM (7) — (9).

3.2.6. OmpenenuTs KPUTHUECKYIO CKOPOCTH 1O Beipaxenuto (3.10).

3.2.7. Onpenenuth MacCOBBIN pacxoj paboyero Teja JJis PaCUCTHBIX CCUCHHM
1o BeIpaxkeHuto (3.12).

3.2.8. Ompenenuts sl paCYETHBIX CEYCHUI aOCOMIOTHBIC 3HAYCHUST CKOPOCTH
v, TaBJICHUA p U TeMiiepatypsl T 1o BeipakeHusM (3.14).

3.2.9. JlannHble pacuera cBOAMM B Ta0biuity 3.1.

Ceu. |d, qh) | A a(d) |[t(A) |e(h) |F, v, M/c | P, T, K°
MM MM2 Mlla

1

2

3.2.10. [TocTpouTh rpa@uKu U3MEHEHHUSI CKOPOCTHU V, IABJICHUS P U TEMIIEPATYPbI
T o nuHe coruta JlaBans.
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Bapuanr 1.

HCXOI[HLIC JAHHBIC JJIA pacdycTa pa3BETBJICHHOI'O pr6onp013011a:

I'ne n — 2 nmocneauue nudpsl 3a4€TKU

Qs=120+0.5n (11/c); Q10=120+0.9n (n/c); Q11=250+0.75n (i1/c);
Q12=180+0.5n (;r/c); Q13=220+0.6n (;r/c); Q7=190+0.5n (/c);
L;=10+0.8n (m); L,=20+0.5n (m); L3=250+2n (m); L,=180+0.9n (m);
Ls=150+0.6n (m); Le=220+0.6n (m); L7;=300+0.8n (m); Ls=180+1.1n (m);
Lo=50+0.69n (m); L10=150+0.9n (m); L11=150+0.9n (m); L1,=180+0.85n (m);
L15=280+0.55n;

Vimax=5M/c; H7=50+1.5n (m); v=0.659*10"° (m?/c)

PaGouas »XuUIKocTh — BOJIA.

HcxonHble JaHHbIE UI pacyeTa KOPOTKOro TpyOonpoBoja:

m=150+0.5n (xr/c); T=300+1.2n (K); *XuAKoCcTh — MacjiO aBHAI[MOHHOE;
Marepuan Tpyosl — crekio; D1=0,8+0.001n (m); D,=0,3+0.01n (m);. D3=0,42+0.001n
(m); L1=1+0.05n (m); L,=0.9+0.05n (m);. L3=1.1+0.05n (m).

VcxonHble qaHHbIC I pacyeTa corvia JlaBas:

dp=10+0.9n (Mm); D=(2+0.06n) d, (Mm); L=(0.5+0.05n)D+(1+0.02n)D (Mm);
r1=0.4D (mm); 1,=0.5 d, (Mm); 0:=(30+0.2n)°;

0,=10°; p’=(2+0.1n)MITa; T’=(500+14n)K

Bapuanr 2.

Hcxonnbie nanHbIe 7151 pacyeTa pa3BeTBICHHOIO TPYyOOIPOBOIA:

I'ne n — 2 mocneauue nudpsl 3a4€TKH

Qs=130+0.5n (11/c); Q10=140+0.9n (n/c); Q11=350+0.75n (i1/c);
Q12=250+0.5n (11/¢); Q13=270+0.6n (11/¢c); Q7=220+0.5n (i/c);
L;=50+0.8n (m); L,=40+0.5n (m); L3=300+2n (m); L,=210+0.9n (m);
Ls=180+0.6n (m); Le=280+0.6n (m); L7;=320+0.8n (m); Ls=160+1.1n (m);
Lo=80+0.69n (m); L1o=170+0.9n (m); L11=250+0.9n (m); L1,=200+0.85n (m);
L13:310+0.55n;

Vmax=4m/c; H;=60+1.5n (m); v=0.659*10"° (m?/c)

PaGouas »xugKocTh — BOJA.

HcxomHbie JaHHBIC I pacdeTa KOPOTKOTO TPyOOIpoBoa:
m=175+0.5n (xr/c); T=350+1.2n (K); »kuakocth — Macio TpaHnchopMaTopHoe;
Martepuai Tpyosl — cranp; D1=0,8+0.003n (m); D,=0,3+0.03n (m);. D3=0,42+0.003n
(m); L1=1+0.07n (m); L,=0.9+0.07n (m);. L3=1.1+0.07n (m).

Hcxonuble nanubie s pacueta cormia JlaBans:

Oep=15+0.9n (Mn1); D=(3+0.06n) dyp (Mn); L=(0.6+0.05n)D+(1.1+0.02n)D (Mwm);
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r1=0.45D (Mm); ,=0.6 dy, (Mm); 6:=(35+0.2n)°;
0,=12°; p’=(3+0.1n)MIla; T’=(550+14n)K

Bapuanr 3.

Hcxonubie maHHbBIC U pacyeTa pa3BETBICHHOTO TPYOOIPOBOIA:

['me n — 2 nocnegaune mudpsl 3a4eTKH

Qs=140+0.5n (1/c); Q10=150+0.9n (1/c); Q11=380+0.75n (ir/c);
Q12=290+0.5n (;1/c); Q13=290+0.6n (11/c); Q7=280+0.5n (11/c);
L,=45+0.8n (m); L,=60+0.5n (m); L3=290+2n (m); L,=230+0.9n (m);
Ls=190+0.6n (m); Le=290+0.6n (m); L7=330+0.8n (m); Ls=170+1.1n (m);
Lo=90+0.69n (m); L1o=175+0.9n (m); L11=260+0.9n (m); L1,=210+0.85n (m);
L13=315+0.55n;

Vima=7M/c; H7=65+1.5n (m); v=0.659*10"° (m?/c)

Pabouast )KUIKOCTh — BOJIA.

HMcxongHble n1aHHBIC 111 pacducTa KOPOTKOIro TPY6OHpOBOI[aI

m=190+0.5n (xr/c); T=355+1.2n (K); >XKuUAKOCTH — Macji0 HHIyCTPHAILHOEC;
matepuan Tpyosl — uyryd; D1=0,8+0.007n (m); D,=0,3+0.07n (m);. D3=0,42+0.007n
(m); L1=1+0.07n (m); L,=0.9+0.07n (m);. L3=1.1+0.07n (m).

HcxonHble qaHHbIC I pacyera cornia JlaBams:

dp=17+0.9n (Mm); D=(4+0.06n) dy, (Mm); L=(0.7+0.05n)D+(1.2+0.02n)D (Mm);
r1=0.5D (mm); r,=0.65 dy, (Mm); 6:=(40+0.2n)°;

0,=13°; p’=(4+0.1n)MIIa; T’=(560+14n)K
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